It is argued that there exist natural shell model spaces optimally adapted to the operation of two variants of Elliott's SU3 symmetry that provide accurate predictions of quadrupole moments of deformed states. A selfconsistent Nilsson-like calculation describes the competition between the realistic quadrupole force and the central field, indicating a remarkable stability of the quadrupole moments-which remain close to their quasi and pseudo SU3 values-as the single particle splittings increase. A detailed study of the N = Z even nuclei from 56 Ni to 96 Cd reveals that the region of prolate deformation is bounded by a pair of transitional nuclei 72 Kr and 84 Mo in which prolate ground state bands are predicted to dominate, though coexisting with oblate ones.
I. INTRODUCTION
Large Scale Shell Model calculations (LSSM), when doable, are the spectroscopic tool of choice in theoretical nuclear structure. When they are not doable it is often advised to rely on other-basically mean field-methods. A common feature of these approaches is the reliance on quadrupole degrees of freedom as the backbone of nuclear structure, which in shell model language translates as dominance of the quadrupole force, which is indeed (or should be) a classic view. Our task is to find ways to put to good use this dominance. It starts by discovering which are the model spaces in which to operate. The choice turns out to be quite unique (the EEI spaces to be defined soon). Though most often it leads to intractably large diagonalizations, it also happens to be tailored to take full advantage of two variants-pseudo and quasi-SU3-of Elliott's SU3 symmetry [1] . After explaining in detail how these symmetries operate we turn to quantitative estimates of their reliability by defining and implementing a selfconsistent Nilsson [2] approach in which the interplay of a realistic quadrupole interaction with the spherical central field establishes the resilience of the predicted quadrupole moments. The controlling parameters are the quadrupole moments themselves which in the absence of a central field reduce to one of their SU3-like guises.
These ideas are applied to the heavy even N = Z nuclei shedding light on the hitherto poorly understood competition between prolate and oblate quadrupole coherence. This is the lightest region in which the full interplay of quasi and pseudo SU3 schemes operates, illustrating what will become the rule for well deformed nuclei.
II. THE NATURAL EEI MODEL SPACES
The usual lore about shell model spaces is that for light and medium nuclei they involve one major oscillator (HO) shell bounded by magic numbers at N, Z=4, 8, 20 and 40 while for heavier systems the spin-orbit (SO) force takes over and the magic boundaries move to N, Z= 28, 50, 82 and 126. This view has some merit but misses two crucial points: a) the observed shell evolution is not driven by the SO terms present in the NN interactions, but by three body forces (a word on this later); b) the correct model spaces are larger than those defined by the SO boundaries. Let us examine the possible examples.
In the p shell starting at 4 He, as particles are added the largest orbit p 3/2 is "Extruded" (or Ejected or Expelled) from the space by becoming a "closed shell" when filled, while the largest orbit in the next shell "Intrudes" so as to define the first of the EI spaces p 1/2 d 5/2 ≡ r 1 d (closing at 28 Si). The notation r p stands for "rest of the major shell of principal quantum number p" i.e., all the orbits except the largest one. What we miss here is that the d 5/2 intruder does not come alone but with an s 1/2 partner, as made evident by the spectrum of 13 C [3] . Therefore the correct space is the first of the Extended EI spaces: r 1 ds (EEI1 or ZBM), with ds = d 5/2 s 1/2 ; which is the first instance of a "∆j = 2" sequence.
Notation. The full harmonic oscillator shells are called sd, pf, sdg. . . while the reverse order ds, f p, gds. . . will be used for the ∆j = 2 sequences.
Next candidate comes from the sd shell starting at 16 O where, as it fills, d 5/2 is separated from its partners while drawing down the largest orbit in the next shell so as to define the EI2 space: s 1/2 d 3/2 f 7/2 ≡ r 2 f (starting at 28 Si and closing at 56 Ni). Except that we miss again that the intruder comes with its ∆j = 2 partner (as seen in 29 Si [3]) so r 2 f becomes r 2 f p (EEI2) with f p = f 7/2 p 3/2 .
Then we find the space, relevant for this study, p 1/2 p 3/2 f 5/2 g 9/2 ≡ r 3 g (EI3 closing at 100 Sn) which is expected to become r 3 gds (EEI3) with gds = g 9/2 d 5/2 s 1/2 . Direct experimental evidence of the presence of the ∆j = 2 partners is hard to obtain in this region, but abundant indirect evidence will be presented in this paper.
Digression on shell formation. One objection to the description above is that 12 C and 28 Si are not closed shells (though 56 Ni is, to a good approximation). However EI numbers at N, Z=6, 14, 28, 50, 82 and 126 provide good boundaries and many convincing candidates to magicity in the light nuclei (such as 14 C, 22 O and 34 Si) and the only systematic magic numbers beyond. The transition from HO to EI major closures demands three-body mechanisms [4] whose irrefutable need is now established [5, 6] . The (hard to sell) notation EI instead of the usual SO is meant to stress that the spin orbit force-in the classic l · s sense-is perfectly given by existing NN interactions above HO closures where it is responsible for the largest orbit coming lowest [7] . However, it is definitely not responsible for the EI closures which demand splittings much larger that the l · s one provided by the NN interactions. To fix ideas: in 48 Ca they would produce a f 7/2 − p 3/2 single particle gap equal to that in 41 Ca i.e., 2.5 MeV smaller than the observed one. A discrepancy that increases to some 4. The evolution of subshell SO ordering on top of HO closures to the EEI patterns is illustrated in Fig. 1 for different model spaces.
Both r 1 ds (ZBM) and r 2 f p (SDFP) models lead to feasible and successful diagonalizations in the neighborhood of 16 O and 40 Ca [8] . The r 3 gds space is expected to work equally well around 80 Zr-formally the magic upper boundary of the pf shell-which turns out to be a splendid rotor [9] . A pure pf description starts failing around N, Z ≈ 34, and it could be hoped that r 3 g would cope beyond, but the calculations (always feasible though sometimes hard) fail to produce strongly deformed prolate bands demanded by the data. Which are naturally explained in the r 3 gds space as we shall demonstrate notwithstanding the near impossibility of exact diagonalizations: First through heuristic arguments based on the approximate SU3 symmetries, and then by very simple selfconsistent calculations that account semi quantitatively for the interplay between the realistic quadrupole interaction and the monopole central field.
III. QUADRUPOLE COHERENCE: SU3, PSEUDO-SU3 AND QUASI-SU3
Nuclear rotational motion was predicted by Bohr and Mottelson in 1953 [10] . The idea was that nuclei could acquire a permanent quadrupole deformation in their intrinsic frame, that would translate into a J(J + 1) spectrum in the laboratory frame. Historically, this first example of spontaneously broken symmetry was confronted with the need to explain how a deformed intrinsic state-which has no definite angular momentum J-could be an eigenstate of a system that must necessarily conserve J. The elegant way out was found by Elliott whose SU3 model [1] provides a rigorous example of intrinsic states that are not eigenstates of a Hamiltonian H but of H − λJ(J + 1). More precisely, H is taken to be the quadrupole force −2q · 2q, with q ≡ q 2m = r 2 C 2m = r 2 4π/(2l + 1)Y lm acting in a full major HO shell. Then the eigenstates have the form E(L, i) = E(i) + 3L(L + 1), where L is the orbital angular momentum and E(i) the energy of one of the possible intrinsic states. We shall be interested only in those that maximize the intrinsic quadrupole moment which we write in terms of oscillator quanta Q 0 = 2q 20 = (2n z − n x − n y ). Taking for example p = n x + n y + n z = 2 the six possible single particle states [n z n x n y ]= Fig. 2 . The intrinsic states are the determinants obtained by filling the fourfold degenerate orbits (two neutrons and two protons of spins up and down) from below (prolate states with Q 0 > 0) or from above (oblate states with Q 0 < 0). Prolate filling is favored as it leads to larger |Q 0 |.
Originally, SU3 was expected to apply to the sd shell. And indeed, the four particles in 20 Ne (Q 0 = 16) produce a good rotor and eight particles in 24 Mg-because of the degeneracy of the Q 0 = 1 levels in Fig. 2 -lead to triaxiality, associated to K = 0 and K = 2 prolate bands. For twelve particles in 28 Si, both shapes are expected to be degenerate (|Q 0 | = 24). Observation does not quite square with predictions: the K = 2 band in 24 Mg is higher than expected, and the "nearly degenerate" oblate and prolate states in 28 S are separated by some 6 MeV with a third candidate coming in (the d 12 5/2 N = Z = 14 closure in Fig. 1) . Still, the departure from strict SU3 validity should not hide the fact that 24 Mg has a K = 2 (γ) band, and that three of the six lowest states in 28 Si have J = 0 + , a forerunner of other spectacular coexistence situations. Though Elliott's conceptual breakthrough was obscured by the limited applicability of the exact SU3 symmetry, its heuristic value remains high. As a first step let us examine the possible forms of the q 20 operator in LS and jj formalisms in Eqs. (1) (2) (3) (4) (5) , and show how they suggest the pseudo and quasi SU3 variants that will become the backbone of a full shell model description of rotational motion.
(2)
Intrinsic states can be constructed by diagonalizing q 20 which can be done in three possible ways, described after a digression. Digression So far we have assumed dimensionless oscillator coordinates and made no difference between 2q 20 and Q 0 . Dealing with electromagnetic properties demands to recover dimensions so r 2 → r 2 b 2 where b 2 is the oscillator parameter. Then Q 0 → Q 0 b 2 . On the other hand 2q 20 is best kept adimensional when working with the quadrupole interaction. So now Q 0 /b 2 = 2q 20 , and the choice of notation will depend on context. Fig. 2 spin is allowed each orbit splits into 2(n x − n y ) ≡ 2m → 2(m ± 1/2) and the one to one correspondence with the lower panel of Fig. 3 becomes evident.
The importance of SU3 goes well beyond its mathematical elegance: it rests on the introduction of the q · q interaction restricted to a single major HO shell. Which, as demonstrated in [11] , is the major collective ingredient of realistic Hamiltonians (i.e., consistent with two nucleon data). 
Pseudo SU3
Pseudo SU3 [12] is adapted to r p spaces whose orbits have the same angular momentum j-sequences as those of full HO major shells with total quantum number p − 1 and proceeds as if r p ≡ HO(p − 1), in our case r 3 ≡ sd. For the angular Eqs. (4,5) the identity is perfect but the radial Eqs. (1,2) raise a problem: r 3 has p = 3 and sd has p = 2. The bottom panel of Fig. 3 exhibits both the strict SU3 (or pseudo SU3) values for p = 2 and 4, as well as the corrected result of diagonalizing 2q 20 in the r 3 space. It is seen that the differences are non-negligible. A diagonalization of the full q ·q indicates unambiguously that the corrected value is to be preferred. The results are collected under p-d in Table I .
Quasi SU3
Quasi SU3 [13, 14] is adapted to ∆j = 2 spaces. The idea is that jm|C 2 |j + 1m in Eq. (2) is small for both large and small m. Proceed to neglect it and identify the ∆j = 2 sequence to a ∆l = 2 one. In our case J = 9/2, 5/2, 1/2 to l = 4, 2, 0. Then replace Eqs. (1, 2 and 4) by Eqs (1, 2 and 3), through l → j, p → p + 1/2, m → m + 1/2 and −m → −m − 1/2: (m > 0). The correspondence is one to one except for j = 1/2 which has two magnetic substates m = ±1/2 against m = 0 for l = 0. For all the other values of the projection |m| (called K in the figures for historical reasons) the behavior is strict SU3. The behavior for K = 1/2 is determined by the condition that the sum of the level energies must vanish. For odd p it happens naturally with bandheads at 2p − 1/2 and perfect SU3 spacings. For even p there is a small discrepancy illustrated in the top panel of Fig. 3 . One should be aware though that the results apply to the schematic (quasi) quadrupole force, not the exact one. Using the latter is to be preferred, the results are collected under q-d in Table I .
TABLE I. Eigenvalues of −2q20 for the i-th quasi-gds (denoted q) and pseudo-r3 (denoted p) orbits; q-s, p-s for the results using the schematic quasi and pseudo quadrupole forces in Table I compares the schematic orbits of Fig. 3 with the ones obtained by diagonalizing 2q 20 associated to "true" 2q · 2q and not one of its variants. The two bottom lines give the cumulated values after filling up to i-th orbit with 2 neutrons and 2 protons. Thus for 12 particles in r 3 and 4 in gds we find 2q 20 =30.20+27.32=50.52. This table is the relevant one for prolate states.
The quasi SU3 scheme is poorly adapted to oblate states as Fig. 3 makes clear: it is more advantageous to fill orbits from below than from above. The situation is the opposite for a single shell. 
Single orbit quadrupole
The intrinsic quadrupole moment of a single j orbit is given by
which shows that, before midshell, filling large m values (negative Q 0 ) is favored. The situation is reversed after midshell. Though the notion of shape is questionable in this case, states with positive and negative Q 0 will be referred to as prolate and oblate respectively. To guarantee a bona fide intrinsic state, Q 0 must coincide with the values extracted either from the spectroscopic quadrupole moment (Q 0s )
for Bohr Mottelson rotors, or the corresponding B(E2) transitions (Q 0t )
The condition Q 0 ≈ Q 0s ≈ Q 0t is well fulfilled by SU3 states and its variants. (Q 0s may be tricky though, as it is more sensitive to details than Q 0t . For an example refer to section V C ).
IV. COMPUTATIONAL STRATEGY.
SU3-NILSSON SELFCONSISTENCY
The guiding idea is that once quadrupole dominance sets in, the wavefunctions are basically given by the quadrupole force which is quite immune to single particle details. In other words 2q 20 varies little. Our aim is to estimate 2q 20 and understand the reason for its stability.
We shall be interested in even N = Z = 28 to 48 nuclei. Full pf diagonalizations are possible but their interest is restricted to the lightest species. The r 3 g JUN45 interaction [15] will be used throughout the region. Exact calculations are feasible that account for oblate states, and will serve as a test of our simple models. For the more collective prolate states the full r 3 gds space is necessary and exact calculations are not presently feasible, so we shall introduce a selfconsistent version of Nilsson's model that reduces to quasi and pseudo SU3 in the absence of a central field [16] .
A. Example of BE2 estimate
For SU3 the correct value of Q 0 to be used in Eqs. (7, 8) is
] with 2q 20 given in Tabs. I or II. The only way to decide whether this correction also applies to pseudo and quasi SU3 is through exact diagonalizations. They indicate rather unambiguously that for pseudo SU3 it applies while it may be an overestimate for quasi SU3, in which case we omit it.
The procedure is simple: use the tables to match oblate pseudo SU3 states in r 3 to oblate states in g and prolate pseudo SU3 states in r 3 to prolate quasi SU3 states in gds. Recover dimensions through
Now assume a conventional 2 ω scalar effective charge, 
for prolate. When working in EI or EEI spaces it becomes necessary to account for 0 ω polarization effects. In our case due to coupling to the lowest J = 2 + state in 56 Ni. The effect will be estimated later leading to e 0 2.
B. Checks and mechanisms. Nilsson revisited
The estimates above neglect single particle effects. For the oblate states this is of little consequence since the r 3 orbits can be taken to be nearly degenerate. The gds sequence is not known, but hardly expected to be degenerate. Had we to deal only with (gds) n spaces, the check would be simple: diagonalize the quadrupole force varying the splittings. It has been done in [13] for (gds)
8 . With equidistant single particle splittings of 1 MeV and various quadrupole strengths, good rotational behavior obtains and −Q 0 /b 2 remains within 10% of its quasi SU3 limit. At splittings of 2 MeV we enter a danger zone: rotational behavior remains acceptable but −Q 0 /b 2 may be eroded by some 20%. The problem at hand does not deal with gds alone but with r 3 gds and diagonalizations will remain unfeasible in the near future. So we are forced to simplify the problem and resort to a selfconsistent variant of Nilsson's model [2] . We start by revisiting arguments advanced in [14] (recall that the quadrupole operators are always adimensional).
The problem to solve is:
where we have borrowed from [11] the normalized form of the quadrupole force that emerges naturally when it is extracted from a realistic interaction. To conform with SU3 usage we have written the quadrupole operator as 2q = 2(4π/5) 1/2 r 2 Y 2 and taken from [11] the value of 4N 2 q where it is calculated for q = r 2 Y 2 / √ 5. The factor 4 accounts for the double counting involved in using 2q · 2q rather than q · q. The argument advanced in [14] is that if q 20 is expected to be a good approximate quantum number-in analogy with 2λ + µ in SU3-the intrinsic state could be obtained by linearizing H, which is reminiscent of a Hartree mean field calculation. Note however that the aim is not to estimate directly energies but quadrupole moments in a way that guarantees the exact SU3 solution for vanishing single particle splittings. The operation amounts to replacing 2q · 2q by 2q 20 2q 20 , and demands some care. Since q 20 is a sum of neutron and proton contributions q 20 = q 
revealing a factor 5/2 difference between the norms in Eqs. (10) and (12) . In the latter the calculation is done by using the diagonal form of 2q 20 i.e., summing the squares of the levels in Fig. 2 . This subtle disparity was missed in [14] making it impossible to discover the proper way to proceed which now can be implemented [16] . Start by diagonalizing exactly Eq. (9). Next solve selfconsistently Eq. (11) with the same coupling ωκ. The steps involved are: a) Eq. (11) is solved setting as inputs . When both coincide selfconsistency is achieved i.e., when lines cross, which happens at abscissae 0.83, 0.91, 0.95 for Ω = ωκ = 2.7, 3.7, 5.1 respectively. At δ = 0 2q20 =2.666 corresponds to one prolate g orbit (from Table II) 2q 20in = δ 2q 20max , which for δ = 1 yields the maximum value of 2q 20 (the one obtained at ε = 0). The resulting eigenvalue can be written as
b) Extract 2q 20out , use it as next input and iterate until 2q 20in = 2q 20out . c) Check that the resulting 2q 20out = Q 0 /b 2 coincides with the exact result.
It is not obvious that this should happen, and it is equally obvious that whether it does depends on the correct choice of norms. As shown next the results coincide fairly well when Eq. (12) is adopted. Fig. 4 sums up the procedure.
Comparisons for four and eight particles were made between the solutions of Eqs. (9) and (11) = 1) i.e., 8% erosion to be compared with 9% in Fig. 4 (11) and assuming the four contributions to be about equal, we find that in Eq. (11), the 3 in the numerator woluld become 7. A refined estimate will be given in section V F.
A word on the choice of parameters. The quantity that matters in Eq. (11) is the product ωκ. For the A = 60-80 region ω ≈ 9-10 MeV. The values κ range from ≈ 0.22 to about 0.27 or 0.30 for bare and renormalized matrix elements respectively [11, 13] . To fix ideas examine the (gds) 4 case. The realistic situation is close to the ω κ = 2.7 results in Fig. 4 , which when boosted to ω κ = 2.7 × 7/3 = 6.3 for the full r 3 gsd space will come very close to the Q 0 /b 2 maximum. But this depends on the single particle splittings which are certainly larger than the ones we have used. We shall return to this point in section V F.
Though not much is known about the gds singleparticle structure in the region, the general self binding mechanism that will lead to the closure of the g orbit at N, Z=50 (as explained in section II) will tend to depress the g orbit. To gauge its possible effect on a (gds) 16 space we solve Eq. (11) for the usual ω κ =2.7 and gds single particle spacings of 0,0,0 and 0,4,5 MeV. The Q 0 /b 2 erosion turns out to be 11.5%. The situation is reminiscent of that of 48 Cr where in spite of an increased f p splitting basic rotational features are preserved:
"In 48 Cr we would have Q 0 ≈ 2 q 20 A 1/3 ≈ 116 e fm 2 , a quite useful estimate of the exact Q 0 ≈ 100e fm 2 ." Quoted from [14] .
In our case the outlook is bound to be even more favorable after accounting for the couplings in the full r 3 gds space.
General 
The resulting ground state energies in MeV (ε = 1. i.e., unit single particle splittings) and reversing sign are
This last value is a reminder that the calculations are not variational. However, for ε = 0. the exact number is 13.62 against the estimated 13.40. The results confirm the consistency of the approach and the possibility of semi quantitative estimates.
A word of caution though: Eq. (14) is tailored for (λ0) representations, i.e., intrinsic states in which all orbits are filled for a given 2q 20 in Fig. 3 . In such cases Tabs. I or II provide reliable and coincident estimates for both Q 0s and Q 0t . When orbits are not filled at a given 2q 20 , i.e., (λµ) representations, Q 0s and Q 0t are likely to differ. While the latter remains reliable for B(E2) rates, energy estimates are better handled with care. i) The r 3 pseudo SU3 nuclei: they fill orderly the three lowest levels in Fig. 3: 60 Zn (analog of 20 Ne in the sd shell, a mild rotor), 64 Ge (analog of 24 Mg a rotor exhibiting a γ band, as expected whenever orbits are not all filled at a given level), 68 Se (analog of 28 Si, with degenerate prolate and oblate bands). While SU3 dominance is largely frustrated in the sd shell, here it is expected to hold well because of the near degeneracy of the single particle orbits.
ii) The r 3 gds pseudo+quasi SU3 nuclei. From 72 Kr to 84 Mo. In these nuclei filling pseudo SU3 orbits beyond the lowest three is interrupted as promotion to the quasi SU3 states above is preferred until maximum collectivity is achieved when the four lowest quasi orbits are full. They will be studied in some detail.
iii) The r 3 g nuclei 88 Ru and 92 Pd. The latter has been measured recently [32] and postulated as candidate for a new form of boson aligned collectivity. We shall examine the claim.
96 Cd is probably more pure sdg than r 3 g.
A.
56 Ni and magicity Doubts may be raised about the doubly magic nature of 56 Ni as its first 2 + is rather low and depending on the effective interaction used (kb3g, gxpf1a) [18, 19] the closed shell component amounts to only 60-70%. However, it is in the nature of the shell model to recognize that there may be a difference between the potentially complicated structure of a state and its simple behavior. As a first hint of what is expected of magic nuclei we refer to Figures 1-5 in [20] : at magic numbers, twoneutron and two-proton separation energies exhibit systematic jumps. Clearly the case for N or Z = 28, and a fortiori for 56 Ni. Not for occasional candidates such as N = 34 or 56.
For our present purpose the state of interest is the head of the 4p-4h rotational band. According to Eq. (6) four holes in the 0f 7/2 orbit give a prolate contribution of 12b 2 to the intrinsic quadrupole moment while four pseudo SU3 particles in r 3 contribute with ≈ 22b 2 , adding up to 34b 2 in agreement with 32b 2 from a full 4p-4h pf -shell calculation. A first example of the use of our schematic coupling schemes.
B. 0 ω polarization
The most important characteristic of a doubly magic nucleus is that it defines a before and an after. Before 56 Ni, nuclei are basically of f type. Beyond they are at first of r 3 type, before the extension to r 3 gds spaces becomes imperative. To treat 56 Ni as a core, the Hamiltonian and transition operators have to be renormalized. The dominant mechanism involves coupling to the low lying 2 + state, leading to three-body forces and two body effective transition operators [22] (i.e., state dependent effective charges) whose neglect, as stressed in ref. [11] , is "common but bad practice". Short of a rigorous treatment we chose the following expediencies:
• For the energies we assume that jun45 [15] provides a reasonable approximation to the effective Hamiltonian. This interaction leads to wavefunctions that are very close to those of a q · q force, consistent with the dominance of quadrupole polarization.
• For the transition operators we proceed by brute force, estimating effective charges by comparing full pf transitions rates to those obtained in the r 3 or r 3 g spaces.
C. 60 Zn, more on magicity
To check that 60 Zn is propely described by r 4 3 configurations we do a full pf diagonalizations which involves 2.292.604.744 M=0 Slater determinants. The story is told in Table III . A calculation in the r 3 space, using a pure quadrupole-quadrupole interaction gives values in the range 24b
2 . As expected we have good rotational features including J(J + 1) spacings. The full pf -shell calculation using the kb3gr interaction [21] accounts well for the experimental spectrum. The J(J + 1) spacings are gone but this is of little consequence. As abundantly emphasized in [13] what matters is the wavefunction i.e., the quadrupole moments. The spectrum may be sensitive to details detected in first order perturbation theory that do not change the structure of the state. And the message from Table III is that the quadrupole moments of the huge calculation and the modest one are compatible, to within a crucial caveat: The full pf space leads to Q 0t values that are about 1.36 times bigger than the r 3 ones. As the coupling is mediated basically by the p 3/2 f −1 7/2 jumps the renormalization decreases as the p 3/2 orbit gets filled thus blocking the jumps. The results hardly change when jun45 is used instead of q · q in the Q 0t,qq column of Table III , 23 goes to 20.8, increasing the enhancement factor F from 1.36 to 1.48. The calculated spectrum-though still dilated-comes closer to the experimental one.
Note that the evolution of Q 0s and Q 0t are quite different. In general the two quantities will be approximately equal only in the case of well developed rotors. More often than not Q s is very sensitive to details, while Q t is close to the predictions from Tables I and II. It is worth mentioning that 60 Zn has a superdeformed excited band at relatively low energy with Q 0 = 67 (6) Table IV proposes a comparison of q · q and jun45 results-in r 3 and r 3 g spaces respectively-with data, well reproduced by gxpf1a calculations [24] . Using as reference the B(E2 : 2 + → 0 + ) values it is found that in going from r 3 to pf the enhancement factors F are 1.62 (for jun45) and 1.23 (for q · q).
E.
68 Se: The double platform
The structure of N = Z even nuclei from A =72 to 84 will be described by piling up (gds) 4 blocks on top r 12 3 , i.e., on top of either the oblate or the prolate ground states of 68 Se which becomes a common "double platform" (refer to Fig. 3) . Hence the importance of this nucleus to fix the e 0 effective charge. The diagonalization of q · q leads to the expected degenerate oblate and prolate bands corresponding to the (12 0) and (0 12) SU3 representations. From Table I the
, consistent the q · q numbers in Table V , which also collects jun45 results in r 3 , the full pf gxpf1a ones and data including the only experimentally known B(E2 : 2 + → 0 + ) = 440(60) e 2 fm 4 . With the exception of the B(E2 : 2 + 2 → 2 + 1 ) the calculations in r 3 and pf are very consistent, with well determined enhacement factors F ≈ 1.16 and 1.38 for the q · q and jun45 numbers respectively. The kb3gr interaction yields somewhat better spectra than gxpf1a, and 20% larger B(E2) strength. Let us propose a compromise:
Using the 2 ω value e 0 =1.77 [11] , the 0 ω contribution increases it to e 0 = 1.77 √ F ≈ 2.1 ± 0.1. When gds particles come into play their quadrupole operators will also couple with the J = 2 + state in 56 Ni, though more weakly due to larger norm denominators (see Eqs. (15 and 16) below). It is hoped that the associated suppression can be accommodated by the proposed compromise.
The jun45 calculation leads to a ground state that is 60% 0p-0h, 30% 2p-2h and 10% 4p-4h. As can be gathered from Tables I and II these admixtures bring no extra oblate coherence but with the same numbers, prolate contributions will be substantial in a full r 3 gds calculation. It cannot be excluded that the ground state band may end up being prolate. Further data on this nucleus could be of interest.
F.
72 Kr. Prolate-Oblate competition
The first excited state of 72 Kr is a 0 + at 650 keV followed by a 2 + at 710 keV that decays to the ground state via a B(E2↓) of 999(129)e 2 fm 4 [25] . In this reference it is argued that the ground band is oblate. A suggestion that may gain some support from the shape of the Gamow Teller β + decay strength function [26] . However, the estimates in section IV A favor a prolate shape. To proceed it is better to avoid being influenced by the experimental number and concentrate on internal evidence to establish the possible prolate dominance as hinted by the many examples in Section IV that bear directly on this problem.
The naive 0p-0h r 16 3 choice must be discarded before studying the competition between oblate and prolate (r 3 ) 12 (gds) 4 4p-4h configurations. It is done by comparing it with the oblate state (r 3 )
since the maximum oblate deformation is reached for a pure g orbit. To calculate energies, Eq. (9) must be written so as to make explicit the correct form of the realistic quadrupole interaction [11] ,
where the square stands for scalar product and the indexes 3 and 4 stand for the p quantum numbers associated to r 3 and gds. Using the correct numbers from Eq. (12) 72 Kr, relative to the value at t fix =0. jun45 interaction [15] √ 210 × 2.5 ≈ 23. Therefore the energy estimates take the form
Let us set ωκ=2.7 and compare the oblate states r • For r The discrepancies due to the use of different interactions do not alter the conclusion that 4p-4h overwhelms 0p-0h. Now estimate the prolate energy using 2q 20(4) ≈ 27 (from Section IV A) leading to E(prolate)-E(oblate)≈ -16.81+9= -7.81 MeV. Much too large. The reduction has to come from the gds single particle splittings. We shall calculate them through the GEMO program [27] and solve Eq. (15) in its linearized form. In section IV B it was argued that the operation amounted to replace 3 → 7 in Eq. (11) under the assumption that the 4 possible expectation values of q 20 were about equal. However as Eq. (15) 
where we have approximated N 4 /N 3 = 22.91/15 ≈ 1.5, set q ν i = q π i and introduced the boost factor β. As 2q 3 = 30 while 2q 4 = 27 i.e., our earlier estimate of β = 7 in Section IV B is increased to about 9 and eventually some more due to the erosion of 2q 4 . The precise number is not critical because of a buffering effect: when β increases so does the deformation energy but the intrinsic state becomes more mixed and the single particle loss also increases.
To exhibit the effect, solve Eq. (17) There is little uncertainty concerning the intrinsic state but as stressed earlier (following [13] ), this leaves much room for energy improvements, in particular through the inclusion of pairing. To explore the issue we propose some diagonalizations.
The comparison of known data with an r 3 g calculation in Table VI by matrix elements involving the d orbit from the lnps set [28] . The effect of omitting the s orbit is readily estimated: the q-d value in the first column of + is prolate and nearly degenerate with its oblate counterpart. The two bands simply slide past, ignoring each other. To achieve any mixing, extreme fine tuning is required.
Things change radically when configuration mixing is allowed. In table VII, to the left, is shown the result at fixed t = 4 with prolate ground state (ε d − ε g = 1.76 MeV). The choice is made to present the two bands in their pure form. To the right, the t ≤ 4 results show prolate dominance with strong ground state mixing, using ε d − ε g = 2.26 MeV which yields oblate ground state at fixed t = 4. While B(E2 : 2 + → 0 + ) is halved the B(E2 : 4
) changes by less than 10%: a clear indication of the action of pairing, which always favors mixing of J = 0 states. The inclusion of the s orbit will boost the rates by over 30%, and a further 10% may come from e 0 = 2.1 as suggested near the end of Section V E. At the bottom of Table VII the corresponding boosted values are compared with the very recent measures of Iwasaki and coworkers [29] .
These measures are highly interesting in that they indicate directly the existence of prolate-oblate mixing: The ratio B(E2 : 4 Similarly, the spectrum of 80 Zr is a well developed rotational band which follows nicely the J(J + 1) sequence with the 2 + at 289 keV [9] . From Table I Q 0s ≈ −125 and Q 0t ≈ −160 in Table X . It is seen that in this nucleus the prolate-oblate competition within the r 3 g space is played up. 92 Pd will bring further news.
J. 92 Pd
The authors' interest in heavy N=Z nuclei was sparked by the first measurement of the 92 Pd spectrum, accompanied by an interpretation that associated it to a condensate of (g 2 9/2 ) neutron-proton pairs coupled to maximum J = 9 [32] [33] [34] . Which raised two issues: that of possible coupling schemes in a g 12 space, and that of possible dominance of this configuration. Table XI-which we follow column by column-sums up sufficient information to resolve both issues: 2. Experimental spectrum, in very good agreement with 3. jun45 spectrum.
4. Spectrum of the condensate defined by −H con = 0.1P 0 +0.9P 9 , where P 0 and P 9 are the pairing Hamiltonians for J = 0 and 9.
5. Spectrum of the quadrupole force scaled so as to have unit J = 9 matrix element.
6. Overlap, Ω = qq|con 2 , of the wavefuntions indicating structural identity. A spectacular illustration of our leitmotiv: The condensate and quadrupole coupling schemes are identical in spite of the radical disparity in the spectra. The use of P 9 should be understood as an artifact to define a coupling scheme. As a Hamiltonian it is better avoided. 7, 8. Now for the second issue. A Hamiltonian −H ≈ .6qq + .4P 0 yields g 12 energies that are close to the exact ones and B(E2) that are very close to the purevalues in column 7, and not too far from the exact ones in column 8. Which may encourage the illusion of g 12 dominance in spite of its smallish 30% contribution to the exact wavefunction. This illusion is dispelled by the huge disparity of quadrupole moments in columns 9 and 10.
9. Spectroscopic Q s for qq.
10. Spectroscopic Q s for jun45 [15] .
The situation is reminiscent of that of f n 7/2 configurations that yield apparently reasonable energetics and transition rates but quadrupole moments of the wrong sign [35] .
The pattern we started following at 80 Zr-of oblate states progressively eroded by prolate mixtures-now reaches its climax with the Pyrrhic victory of prolate states practically cancelled by oblate mixtures.
K.
96 Cd, last stop before 100 Sn
For this nucleus, the calculations in the r 3 g and g spaces with jun45 give results that are much closer than in 92 Pd, both for the energies and for the B(E2) properties and the discrepancies in the spectroscopic quadrupole moments are gone except for the 6 + state. We have collected some results in Table XII , adding those from the full sdg space using the Nowacki-Sieja interaction [36] which describes the superallowed decay of 100 Sn [37] and the B(E2) systematics of the light Sn isotopes [38] . The results for the energies, B(E2) and Q values vary little between g and r 3 g pointing to g dominance, not invalidated by the substantial quadrupole coherence brought in by the full sdg space calculation as it amounts basically to an overall scaling.
It is worth mentioning that the latter predicts a 16 + isomer at 5.3 MeV.
VI. LOOKING BACK AND FORWARD
The operation of the quasi-pseudo SU3 tandem was shown to account for the onset of rotational motion in the rare earths, involving the r 4 hf p (proton) and r 5 igds (neutron) EEI spaces [13] . The formal basis of this successful estimate was not clear at the time. Now it can be ascribed to Nilsson-SU3 selfconsistency. Not really a new method but a very old one that puts together the two classics in the field: the Bohr Mottelsson rotational model [10] 
To the left, the Nilsson problem amounts to calculate single particle energies in the presence of a deformation δ.
The constraints on δ were left undefined and the earliest successful calculation of quadrupole moments relied on volume conservation [41] . It was much later that the Nilsson orbits could be associated to an energy minimization, either via the Strutinsky [42] or Hartree-Fock-Bogoliubov (HFB) [43] methods.
To the right of Eq. (18) we have summed up the selfconsistent formulation (refer to Eqs. (11, 17) ) with its built-in constraint: the input 2q 20 must coincide with the output 2q 20 . The procedure has three further advantages:
1. Solving for the right hand side of Eq. (18) in EEI spaces leads to 2q 20 values close to their maxima, independently of-reasonable-single particle variations. It means that Fig. 2 is little affected by such variations.
2. In Fig. 2 , gains in 2q 20 are larger when orbits are filled from below, a natural explanation of prolate dominance.
3. The problem is defined in a finite model space because the realistic q · q force is very much Elliott's and acts-to within perturbative effects-on contiguous 0 ω (i.e., EEI) spaces. Hence the insistence on the strict shell model nature of the approach.
The way forward is suggested by the numerous local minima revealed by tables I and II. They constitute a natural basis in which pairing acts as mixing agent. The mechanism becomes critical in transitional nuclei such as 72 Kr. The simplicity of the Nilsson-SU3 approach is not lost, but a quantitative treatment of coexistence, as of now, demands large numerical diagonalizations. The challenge is to find ways of bypassing them in the future.
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